Introduction
Mass-transport complexes (MTCs) were originally defined using seismic reflection data (Weimer, 1990) and they include a spectrum of deposit types (slides, slumps and debrites; e.g. Dott, 1963; Nemec, 1990; Shanmugam et al., 1994; Moscardelli et al., 2006; Moscardelli & Wood, 2008; Manica, 2012) . Moscardelli & Wood (2008) define relatively small gravitational failures caused by local oversteepening of the submarine slope as detached MTCs; these are typically thin (<100 m) and may cover only a few tens of square kilometres.
Large failures of the shelf edge, which may be caused by earthquakes, gas-hydrate dissolution, increased sediment supply or sea-level change (e.g. Manley & Flood, 1988; Beaubouef & Friedmann, 2000; Maslin et al., 2004; Frey-Martinez et al., 2005; Grozic, 2010; Masson et al., 2010) are termed shelf-attached MTCs (Moscardelli & Wood, 2008) . Shelfattached MTCs can reach thousands of square kilometres in area and be hundreds of metres thick (Moscardelli & Wood, 2008; 2015) .
Commonly, submarine fold-and-thrust belts in both active and passive tectonic margins are degraded by mass-wasting events and are thus flanked by MTCs (e.g. Heniö & Davies, 2006; Clark & Cartwright, 2009; Vinnels et al., 2010; Romero-Otero, 2010; Geersen et al., 2011; Alfaro & Holz, 2014; Festa et al., 2015 , Yarbuh & Contreras, 2015 . Previous studies focused on salt-orshale-based passive margins prone to thin-skinned deformation have considered the relationship between MTC emplacement and structural evolution. For example, Heniö & Davies (2006) use 3D seismic data from the Niger Delta to examine the three-dimensional degradation of compressional folds created by gravity tectonics. Clark and Cartwright (2012) analysed the distribution and architecture of channel-levee complexes and MTCs within a growth package in a fold in the deep-water fold-and-thrust-belt in the Western Niger Delta in order to reconstruct the three-dimensional, sequential development of structural relief.
On tectonically-active continental margins, recurrent mass-wasting is commonly caused by seabed oversteepening due to structurally induced seabed deformation and/or by seismic activity (e.g. Moore et al., 1976; Torelli et al., 1997; Goldfinger et al., 2000; Frey-Martinez et al., 2005; Minisini et al., 2007; Lamarche, 2008; Cattaneo et al., 2010; Dan et al., 2010; Romero-Otero et al., 2010; Geersen et al., 2011; Alfaro & Holz, 2014; Festa et al., 2015; Perez et al., 2016) . Several studies on active margins have investigated the mechanisms for slope failure and provide detailed descriptions of the deposits resulting from fold degradation (e.g. Trincardi & Argnani, 1990; Moscardelli & Wood., 2008; 2015; Rogers & Goodbred, 2010; Romero-Otero, 2010; Alfaro & Holz, 2014; . However, few relate MTC emplacement to the tectono-stratigraphic evolution of the basin margin. For example, Geersen et al. (2011) relate a series of large-scale slope collapses with the regional tectonic history and present a twodimensional model for the evolution of mass-failures offshore Chile. Festa et al. (2015) present a detailed outcrop study that investigates the relationship between the distribution of MTCs and the tectonostratigraphic evolution of the northern Apennines. Pérez et al. (2016) document variations in the dimensions, and vertical and spatial distribution of MTCs in several basins with different deformation styles along the Scotia-Antarctica plate margin, and relate them the regional tectonic evolution. However, there is still a paucity of detailed, threedimensional analyses that link the timing, location and character of MTCs with the growth of individual structures within the developing deep-water fold-and-thrust belts. Furthermore, the evolution and chronostratigraphic significance of the basal surfaces underlying MTCs in areas of recurrent mass-wasting has not been studied previously.
This study is based on detailed mapping of the near-seabed, likely Pleistocene stratigraphy , imaged in a 3D seismic reflection survey from the southern Magdalena Fan, offshore Colombia (Fig. 1) . The seismic survey is located at the northern tip of the Southern Sinú Fold Belt, imaging the transition between imbricate thrust-cored anticlines to the south and a relatively undeformed area to the north (Fig. 1B) . Here, several MTCs were deposited at a time when the Magdalena Fan was prograding under the influence of high sediment supply and the Southern Sinú Fold Belt was propagating outboard to the NW (e.g. Romero-Otero et al., 2009; Martinez et al., 2015) . Due to the location of the study area within the fold-and-thrust belt and to the relatively recent tectonic deformation of the near-seabed sediments, the degree of deformation is less advanced than in other areas along the fold-and-thrust belt (Vinnels et al., 2010; Romero-Otero et al., 2010; Alfaro & Holz, 2014) ; the primary tectono-stratigraphic relationships and internal characteristics of the deposits are therefore well-preserved. The high-resolution of the data and its tectono-stratigraphic setting therefore enable: i) the examination of variations in the distribution, source and size of the MTCs in response to growth of the deep-water fold-andthrust belt, and ii) the investigation of the evolution and chronostratigraphic significance of MTC basal erosion surfaces.
Regional Setting
The Magdalena Fan is located in the Caribbean Sea, on the northern coast of Colombia, northern South America (Fig. 1) . The margin is tectonically active due to Cretaceous-to-since the Late Miocene (Duque-Caro, 1979; 1984; Kolla & Buffler, 1984; Breen, 1989; Romero-Otero, 2009) , is located in a relatively undeformed area between the fold belts, extending offshore into the Colombia Basin (Fig. 1B) . Submarine fan sedimentation was coeval with subduction-induced structural uplift and tectonic activity (Kolla & Buffler, 1984; Vinnels et al., 2010; Romero-Otero 2009; Romero-Otero et al., 2010; Alfaro & Holz, 2014; Ortiz-Karpf et al., 2015) .
Data and Methods
This study uses a three-dimensional seismic reflection survey covering the northern tip of the Southern Sinú Fold Belt and the southern part of the undeformed area that is mantled by the Magdalena Fan (Fig. 1B) . The seismic survey was acquired in 2008 and covers an area of 1900 km 2 . It is Post-Stack Depth-Migrated (PSDM) and has a bin spacing of 12.5 x 12.5 m.
This study focuses on the shallow stratigraphy (up to c. 1,000 m below seabed) where the maximum frequency is 45 Hz and the dominant frequency is 30 Hz. By assuming a sediment velocity of 1900 m/s, which seems reasonable given the relatively shallow depth of burial, these frequency and velocity values yield a vertical resolution of c. 10-15 m and a horizontal resolution of c. 15 m. The water bottom is defined by a positive reflection event, which is represented by a black reflection in the presented seismic images. Although a few wells have been drilled to the NE of the study area, they were not available for this study.
Ortiz- studied the stratigraphic interval of interest, defining seven seismic facies that were used to infer a number of sedimentary sub-environments (i.e. channel-fill, levees, lobes and MTCs). These sub-environments were then grouped into seven seismic units. Ortiz-Karpf et al. (2015) interpret that seismic Unit D, which is located 300-500 m below the seabed, is dominated by MTCs. In the study described here, Unit D and older, underlying MTCs and their bounding surfaces were characterised and mapped in greater detail, and the chronology of MTC emplacement was assessed with respect to the development of the deep-water fold-and-thrust belt. Based on the amplitude, continuity and configuration of the reflections, and their external geometry, three MTC seismic facies are defined (Table 1) . Attribute extractions, including amplitude, dip, variance and chaos were performed and integrated with variance and amplitude depth slices to define lateral facies changes and create seismic facies maps. Kinematic indicators such as the orientation of the lateral scarps, onlap patterns, fold and fault vergence, grooves and megaclasts alignment (sensu Bull et al., 2009) were interpreted from maps and cross-sectional views. These kinematic indicators were used to infer MTC flow directions and to link individual MTCs back to their source areas, thus enabling the investigation of the relationship between fold-andthrust belt growth, seabed deformation and MTC emplacement.
Structural elements
In order to relate the characteristics of the MTCs to the structural evolution, it is necessary to establish the structural framework of the study area. This section describes the structures whose growth led to or controlled emplacement of the MTCs.
Towards the northern tip of the southern Sinú Fold Belt, NE-SW-striking thrusts bend towards the east, resulting in an overall rotation of the deformation front towards the continent (Figs. 1B & 2) . Within the study area, two thrust sheets are imaged (Fig. 2) .
Basinwards three more thrust sheets are present to the SW of the seismic volume (Fig. 2) . In the study area, the western and eastern thrust sheets are each associated with large anticlines, herein referred to as the downdip anticline (DA) and updip anticline (UA) respectively (Fig. 2) . These anticlines are separated by a narrow syncline, herein referred to as the syncline (Fig. 3) .
The DA is divided into a northern and southern domain, which are separated by a saddle (Fig. 3A) . The southern downdip anticline (SDA), is asymmetric, with its steepest flank dipping to the NW. The anticline is cored by the southern fault zone (SFZ), which comprises three sub-parallel thrust faults that strike SW-NE and dip to the SE (Fig. 3A & C) . The relief of the anticline increases to the SW, and the displacement, strike and lateral separation of the underlying faults vary. Towards the NE, the faults curve towards the east (Fig. 3A) , become steeper, and lose displacement before ultimately tipping out.
Towards the northern tip of the SFZ, the DA becomes progressively more symmetric, and its axis rotates towards the east (Fig. 3A) . Here the anticline plunges slightly to the NE to form the saddle (Fig. 3D) separating it from the northern downdip anticline (NDA). Towards the NE the axis of the anticline rotates towards the east (Fig. 3A) and the anticline becomes broad and symmetric ( Fig. 3A & B) . The NDA is unfaulted and it does not have a seabed expression because it has been greatly eroded (Fig. 3B) .
The UA is a narrow, thrust-cored, asymmetric anticline that verges to the NW with a subvertical to overturned frontal limb (Fig. 3C) . The UA is expressed at the seabed, although its geometry has been modified by erosion (Fig. 3C) . The thrust coring the UA also curves to the east and continues to the NE, bending towards the shelf (Fig. 2 & 3A) .
According to Martinez et al. (2015) , the structures in the study area have experienced episodic growth since the Late Miocene. This protracted growth history is evidenced by thinning of the stratigraphic packages against the DA and UA, and increased sediment thickness into the syncline (Fig. 3B & C) , which together indicate the presence of growth strata. Because these folds have deformed the seabed, and their underlying thrusts displace shallow stratigraphy (Fig. 3C) , the last period of uplift of these structures is interpreted to have occurred relatively recently and potentially coincides with the latest stage of offshore uplift, associated with the Late Pleistocene avulsion of the Magdalena River (Romero-Otero, 2009 ). However, the youngest MTCs and the overlying channel-levee complex sets are not faulted and onlap the downdip anticline (Fig. 3C ). This reflects a period of tectonic quiescence and active fan sedimentation post-dating the latest episode of fold and thrust activity.
Seismic Stratigraphy
The base and top surfaces of Unit D (sensu Ortiz-Karpf et al., 2015) are continuous negative-amplitude reflections that can be mapped throughout the study area and bound several MTCs (Fig. 4) . Here, the stratigraphy within Unit D is subdivided based on mappable surfaces. To facilitate the description of the MTCs, the area was divided into three regions based on the morphology of the erosion surface that defines the base of Unit D (Fig. 4) : i) the southern region, which is located basinward of the SDA, and to the NE of two thrust sheets that terminate to the south of the dataset (Fig. 4A & B) ; ii) the central region, which trends SW along the axis of the syncline, NW across the downdip anticline at the saddle between the SDA and NDA, and covers the basin-low outboard of the downdip anticline (Fig.   4B ); and (iii) the northern region, which traverses the NDA (Fig. 4B) . The nomenclature adopted for the individual MTCs described below is based on the region where they occur and on their relative age with respect to other MTCs in the same region. Thus, the MTCs in the southern region are named S1-S6, the MTC in the central region is referred to as C1, and those in the northern region are called N1 and N2. With the exception of S1-S4 and the MTC remnants underlying C1, the MTCs described below form part of Unit D of Ortiz-Karpf et al. (2015) (Fig. 4C) . Table 2 summarises the dimensions, seismic facies, megaclast dimensions and kinematic indicators associated with each of the MTCs.
Southern Region:
The southern region contains six stacked MTCs that are mainly composed of debrites and megaclasts (Fig. 5,  Table 2 ); these are elongate in a NE-SW direction and are the oldest MTCs in the study interval (S1-S6; Fig. 4 & 5) . S1-S5 continue beyond the southwestern limit of the dataset where the southern fault zone curves to the west and where two additional thrust sheets, located west of the downdip anticline, plunge to the north (Fig. 4A ).
MTC S1 is located towards the southern limit of the dataset and is only locally preserved due to erosion, folding and faulting (Fig. 5A ). Towards the north it onlaps and erodes an underlying external levee. It is truncated by S2 (Fig. 6A ). Structural deformation hinders the identification of its eastern depositional limit, seismic facies, or the transport direction.
MTC S2 overlies an erosion surface that incises S1 and is erosionally overlain by S3 (Fig.   6A ). S2 onlaps and erodes the external levee of an underlying channel complex set ( Fig. 6A) extending farther north than S1 (Fig. 5B ). S2 thins towards the north and west ( Fig. 6C ) and is folded and faulted to the SE, thinning against the frontal flank of the SDA (Fig. 7A & B) . In the thicker central area, S2 is characterised by variable amplitudes, and towards the margins it displays lower amplitudes and is more homogenous ( MTC S4 is located to the NW of S1-S3 ( Fig. 5D & 6D ). It overlies and incises into the axes and levee crests of two SW-trending channel-levee complex sets (Fig. 6A & D(i) ). The southeastern external levee of one of these channel-levee complex sets separates S4 from S3 ( Fig. 5D & 6D ). To the NW, S4 overlies the remnant external levee that constitutes the limit between the southern and central regions (Fig. 5D ). S4 is truncated by S5 to the SW, by S6 to the NE and truncates S3 ( Fig. 5D -E, 6A & 8A-B). S4 can be traced updip onto the SDA, where it is folded, faulted ( Fig. 8A ) and truncated by C1 (Fig. 5D ). S4 is composed of two packages separated by a laterally continuous, high-amplitude erosion surface that suggests the presence of two stacked MTCs (Fig. 8A) ; both are composed of debrites with few megaclasts (Fig. 5D & 6D) . The megaclasts are concentrated in the SW (Fig. 5D ). The orientation of the lateral boundaries of S4, which follow the trend of underlying channel-levee complex sets, suggest deposition from a NE-or SW-directed flow (Fig. 6D) ; however there are no additional kinematic indicators to support either interpretation.
MTC S5 overlies an erosion surface that incises S3 and S4 (Fig. 6A) . To the NW, as in S4, it is limited by the external levee deposits that define the boundary between the southern and central regions (Fig. 5E ). To the NE, S5 thins and pinches-out against the underlying channel levee complex set and is erosionally truncated by S6 ( Fig. 6A & 8A ). To the east it thins against the SDA where it is folded and faulted ( Fig. 7A-B ). S5 has an irregular top that is overlain and locally eroded by channel-levee complex sets to the south ( Fig. 7 A-B) . S5 is composed of debrites towards the margins and, in its centre, by continuous reflections that form asymmetric to recumbent, NE-verging folds contained within deformed megaclasts (Figs. 5E & 7A & D) . To the NE, the transition from folded facies to debrite coincides with the shallowing of the basal surface and thinning of the deposit ( Fig. 7C-E) . Based on the orientation of the axes of the folds within the megaclasts (WNW-ESE; Fig. 7D ), their NNE fold vergence (Fig. 8B) , and the presence of erosional scours and grooves at the base of S5 (Fig. 7C) , the emplacement direction of the flow depositing S5 is interpreted to be towards the NNE.
MTC S6 overlies an erosion surface that incises S5 and S4 ( Fig it is not consistently traceable, meaning it is possible that S6 is part of C1 (Fig. 6A ). To the SW, S6 thins and pinches-out against relief developed along the upper surface of S5 (Fig. 5G & 8) . To the NE, the basal erosion surface can be traced to the tip of the southern fault zone where it overlies S4 and amalgamates with the erosion surface bounding the base of C1 ( Fig. 5F & 8A) . Unlike S1-S5, S6 is not offset by the faults in the southern fault zone and the channel-levee complexes that overlie it are undeformed (Fig. 8A-B) . S6 mainly comprises debrites and folded megaclasts ( Fig. 5F & 8C) , being c. 100 m thick towards its centre and thinning away from this point in all directions (Fig. 8D) . The overall widening of the deposit to the SW and its southwestern termination against S5 suggest deposition from a SW-directed flow.
Central Region.
Only one laterally extensive MTC (C1) is developed in the central region. C1 overlies a major erosion surface that trends along the syncline, cross-cuts the downdip anticline in the saddle area and extends into the basin-low to the west (Fig. 9A-B) . In the syncline, the lateral walls to C1 are steep and formed by the back limb of the NDA and the frontal limb of the UA (Fig.   9D ). Basinward of the downdip anticline, C1 is bounded to the SE by the external levee remnant that separates the southern and the central regions, and to the NW by the southern external levee of an underlying SW-trending channel-levee complex set (Fig. 9E) . C1 covers an area of c. 300 km 2 and its basal surface covers c. 400 km 2 with the height of its lateral margins decreasing in the downdip direction from c. 500 m to c. 120 m (Fig. 9D & E) . C1 is not incorporated into or deformed by the fold-and-thrust belt, and is overlain by channellevee complex sets that onlap the MTC and the flanking anticlines (Fig. 9C ).
C1 is mainly composed of debrites and it is also internally deformed by imbricate thrusts and folds, which are concentrated towards the centre of the deposit where it is thickest (up to 200 m) (Fig. 9A-C) . Towards its margins, the deposit is thinner (up to 50 m) and consists of lower-amplitude debrites (Fig. 9A-B) . The deposit thins to ≤50 m across the downdip anticline, where it contains abundant megaclasts in a thin matrix formed by debrites (Fig. 9 ).
Megaclasts are identified throughout C1 and are internally folded ( Fig. 9B & E) .
In the syncline, thrusts within C1 dip to the NE (Fig. 9C) , suggesting emplacement by a SWdirected flow, an interpretation supported by the SW orientation of the lateral scarps ( Fig.   9A-B ). Further downdip, in the basin-low, thrusts dip to the SE (Fig. 9C) , indicating emplacement by a broadly NW-directed flow. This inferred emplacement direction is supported by the NW-SE strike orientation of the lateral scarps, which is interpreted to be broadly parallel to the overall flow direction (cf. Bull et al., 2009) . Further downdip, towards the western edge of the dataset, the orientation of the lateral scarps changes to WSW, suggesting C1 was emplaced by a WSW-directed flow (Fig. 9A) . Therefore, although the overall trend of MTC C1 is roughly WNW, there were local variations in the direction of the flow.
The stratigraphy underlying C1 is folded and comprises channel-levee complex sets and MTCs (Fig. 9C) . Towards the toe of the frontal limb of the DA, at the tip of the southern fault zone, a SW-trending erosional surface overlain by thin MTC remnants is locally preserved beneath C1 (Fig. 9C ). Due to subsequent erosion its updip limit cannot be established. In the syncline, the strata underlying C1, thin against the flanks (Fig. 10B) . Updip of the NDA, folded MTC remnants underlying C1 are elongate NE-SW, and overlie and erode the axial portion of a SW-trending channel-levee complex set that is also folded (Fig. 10A & B) . Given that the MTCs are only locally preserved their emplacement direction is uncertain. However, because the MTCs and the underlying channel-levee complex are folded and follow a similar trend, it is more likely that the MTCs were emplaced by a SW-directed flow. The southern part of the syncline contains stacked MTCs that thin against the fold flanks and are interpreted to be younger than those in the northern part of the syncline (Fig. 10D) . The older MTCs in the southern part of the syncline are displaced by the thrusts that core the UA and are folded into the back limb of the SDA, with the degree of stratal rotation decreasing upward (Fig. 10C ). There are also younger, undeformed MTCs that overly C1 (Fig. 10D ).
Irrespective of their relative age, all the MTCs in the southern part of the syncline are elongate SW-NE and can be mapped to the steep frontal limb of the UA, which is thus interpreted to be their source (Fig. 10A & D) .
Northern Region
The northern region traverses the NDA (Fig. 4) and contains two MTCs that overlie erosion surfaces (N1 and N2) (Fig. 4) . N1 is truncated by N2, and thins updip where the two bounding erosion surfaces merge; no MTCs are documented above the clearly erosional basal surface, suggesting a zone of sediment bypass (e.g. Stevenson et al., 2015 ; Fig. 11B ).
The composite erosion surface incised c. 300 m into the northern part of the NDA and truncates several folded stratigraphic packages (Fig. 11B) . Updip of the NDA, the composite surface directly overlies and erodes a channel-levee complex set, and across the western limb of the anticline it is bounded on either side by channel-levee complex sets (Fig. 11B-C) .
Further downdip, N1 underlies C1 and is capped by N2 (Fig. 11B) ; the downdip extent of N2 is controlled by irregular relief formed by megaclasts in C1 (Fig. 11B ).
N1 and N2 are up to c. 90 m thick and are composed of debrites (Fig. 11A-Table 2 ). They contain several laterally discontinuous erosion surfaces, suggesting these deposits are the result of multiple periods of erosion and deposition. Along the northern lateral wall, arcuate scarps visible on variance extractions (Fig. 11A) coincide with a terrace-like geometry to the basal surface (Fig. 11C) . These discontinuous erosion surfaces are overlain by debrites and are therefore interpreted to have been formed by gravitational collapse of the northern lateral wall, a process that probably contributed to the southward shift and progressive widening of the basal erosion surface (Fig. 11C) .
Based on the orientation of the lateral scarps, N1 and N2 are interpreted to have been deposited by WSW-directed flows. N1 and N2 truncate underlying folded stratigraphy; they are not folded and are overlain by onlapping, undeformed channel-levee complex sets (Fig.   11B ). The stratigraphic packages underlying N1 and N2, which include thin (50-90 m thick) stacked MTCs, thin against the western flank of the DA (Fig. 11D). 6. Interpretation. Figure 12A summarises the chronostratigraphic relationship between the different MTCs and the growth history of individual structures in the fold-and-thrust belt. In the southern region, S1-S5 are folded and displaced across the thrusts coring the SDA (Fig. 7A-B) , indicating they were deposited before the most recent phase of faulting and folding. Furthermore, eastward thinning of S1-S5 against the western flank of the SDA suggests that some structural relief existed prior to the emplacement of MTCs S1-S5 and that they are likely syntectonic (Fig. 12A) . In contrast, S6 is not faulted or folded, and is overlain by largely undeformed channel-levee complex sets that passively onlap the flanking anticlines (Fig.   8B) ; S6 is therefore interpreted as post-tectonic. In the central region, the MTCs pre-dating C1 in the syncline are folded and thin against the flanks (Fig. 10) , and they are therefore interpreted as syn-tectonic. C1 is post-tectonic because it is undeformed and is onlapped by undeformed channel-levee complex sets (Fig. 9C) ; it therefore defines the transition from syn-to post-tectonic sediments. In the southern part of the syncline, the transition from folded and faulted MTCs, to undeformed MTCs occurs at a similar stratigraphic level to C1 (Fig. 10C-D) , indicating that the UA and DA were active at broadly the same time. Similarly, in the northern region, N1 and N2 are underlain by MTCs that thin against the NDA suggesting that they are syn-tectonic (Fig. 11D) . Conversely, N1 and N2 are themselves undeformed and overlain by undeformed, onlapping channel-levee complex sets and are therefore post-tectonic (Fig. 11B ). The age relationship between syn-tectonic MTCs in the southern, central and northern regions cannot be established with confidence.
MTC provenance and timing of emplacement
The emplacement direction of the southern MTCs is challenging to constrain with confidence because the MTCs extend to the SW of the study area (Fig. 5) . S5 contains the most convincing kinematic indicators, which together support an emplacement direction towards the NNE (Fig. 12B ): NNE orientated grooves and scours at the base (Fig. 7C) , and NEverging folds within megaclasts (Fig. 8B ) with WNW-ESE orientated fold axes (Fig. 7D) . The elongate morphology of S1-S3 (Fig. 5) , their northward onlap against the underlying levee (Fig. 6A ) and the NE-SW alignment of the megaclasts in S2-S3 (Fig. 5 & 6B-D ) also suggest this emplacement direction. Therefore, MTCs S1-S3 and S5 could have been sourced from local collapse of the southern part of the SDA or other anticlines to the SW of the dataset (Fig. 12B) . MTCs S1-S3 and S5 are thus classified as detached MTCs (sensu Moscardelli and Wood, 2008) . Estimated runout distances for MTCs S1-S3 could be c. 10, 15 and 20 km, respectively. The abrupt increase in quantity and size of megaclasts in S5 (Table 2) could reflect a shorter runout distance and it is more likely that S5 was sourced from the southern part of the SDA (Fig. 12B) . Similar mass-wasting of deep-water fold-and-thrust belts has been documented south of the study area (Vinnels et al., 2010; Romero-Otero et al., 2010; Alfaro & Holz, 2014) . The provenance of S4 is uncertain because there are no flow direction indicators, its northeastern portion is folded and eroded by S6 and C1 (Figs. 8A) , and it is only partially imaged by the seismic survey. S4 may have been also sourced from the SW. Alternatively, given that it follows the trend of underlying channel-levee complex sets, it could also have been sourced from the northern part of the SDA or even further updip, depending on the structural relief of the SDA at the time of emplacement. S6 was emplaced from the NE. It can be traced to the tip of the southern fault zone but, because it is eroded by C1, the updip limit of its headwall is not preserved (Fig. 8C) , and it is unclear whether it was sourced from the frontal flank of the SDA or if it traversed the anticline and was sourced from further updip (Fig. 12B) .
Based on the orientation of the lateral scarps and the vergence of the faults in the imbricate fold and thrust systems (Fig. 9) , C1 is interpreted to have been emplaced by a broadly WNW-trending flow. C1 extends beyond the eastern limit of the dataset, where the presentday bathymetry shows arcuate scarps on the shelf break, analogous to the 'cookie-bite' features described by Moscardelli & Wood (2008;  Fig. 12B ). The shelf break thus represents the potential source area for C1, suggesting this deposit is best classified as a shelf-attached MTC (sensu Moscardelli & Wood, 2008) . There are multiple possible sources for the syntectonic MTCs that underlie C1 in the syncline. Towards the southern part of the syncline, MTCs were sourced from the frontal flank of the UA and were directed to the NE (Figs. 10 &   12B ). There are also some MTCs that post-date C1, indicating several stages of masswasting of the UA. In the northern part of the syncline, the syn-tectonic MTC remnants are interpreted to have been sourced from the NE because they are elongated parallel to the syncline and the underlying SW-trending channel-levee complex sets (Fig. 10A) . However, it is not possible to establish whether they were sourced from the shelf or from other collapses along the frontal limb of the UA. It is also unclear whether the MTCs in the syncline traversed the DA into the basin-low. However, given that these MTCs are relatively small and that there is scarce evidence of older MTCs underlying C1 in the basin-low outboard of the DA (Figs. 10A & 13A-C) , it is inferred that they were confined to the small basin defined by the syncline.
Based on the orientation of the lateral scarps, N1 and N2 are interpreted to have been deposited by WSW-directed flows and to have been sourced from the NE. Like C1, N1 and N2 are located directly downdip of the arcuate scarps on the shelf break (Fig. 12B) ; these MTCs are accordingly interpreted to have been sourced from the shelf and are classified as shelf-attached MTCs (sensu Moscardelli and Wood, 2008) . The syn-tectonic MTCs underlying N1 and N2 (Fig. 11D) were likely sourced from the frontal flank of the NDA (Fig.   12B ) and are therefore classified as detached MTCs (sensu Moscardelli & Wood, 2008) . Figure 13 summarises the interpreted link between growth of the deep-water fold-and-thrust belt and the emplacement of genetically-related MTCs. Before the latest phase of activity on the thrusts that core the UA and the DA, MTCs in the southern region were mostly sourced from the SW, where the flanks of the anticlines were steeper (Fig. 13A) . As the SDA grew, S1 became folded and S2 was emplaced occupying a greater area and extending further to the NE (Table 2 ). The MTCs deposited in the syncline were mainly sourced from the UA and are interpreted to have been confined to the mini-basin bounded by the DA and UA (Fig.   13A ). This interpretation is supported by the presence of growth strata, which indicates that the DA and UA had been uplifted and degraded to some extent, by the scarce and thin MTC remnants found at the toe of the DA (Fig. 9C) , and by the small size of the detached MTCs that occupy the syncline (Fig. 10) . Nonetheless, it remains possible that some flows, possibly including S6, traversed the structure prior to the emplacement of C1, potentially across the lower relief saddle between the SDA and NDA, and that the deposits associated with these flows were subsequently eroded by C1.
Tectono-stratigraphic Evolution
As the anticlines grew, the syncline and areas basinward of the DA were filled by MTCs derived from the degradation of the growing structures ( Fig. 13B ): S3 occupied a greater area and extended further N than S2 (Table 2, Fig. 12B ), S4 was emplaced to the NW of S1-S3, and syn-tectonic MTCs where sourced from the frontal limb of the DA (Fig. 13B) .
S5 was the last and largest MTC sourced from the SW and it was likely derived from the southern part of the SDA (Fig. 13C) . It eroded S3 and S4 and extended further to the NE.
After S5 was emplaced, thin-skinned shortening and folding culminated with faulting of both fold cores (Fig. 13C) . Faulting would have generated further instability due to steepening of the anticline frontal limbs. S6 was then deposited; it could have been sourced from the frontal limb of the DA or derived further updip (Fig. 13C) . N1 was also emplaced after tectonic activity had stopped in that area, being deposited along the trend of a long-lived sediment flow-pathway defined by stacked channel-levee complex sets (Fig. 13C) . The DA was degraded progressively by erosion of the back limb of the SDA and possibly by retrogradational collapse of the frontal limb (Fig. 13C) .
The cessation of tectonic activity would have led to decreased accommodation as the syncline filled. Decreased accommodation and degradation of the folds at the saddle between the SDA and NDA would have allowed larger, shelf-attached MTCs to traverse the anticline, establishing a conduit between the syncline and the deep basin (Fig. 13D) . In the northern region N2 followed the trend of N1, leading to widening of the erosion surface.
Progressive degradation of the DA by several erosional flows that were initially confined in the syncline eventually connected the shelf break with the basin-low downdip of the structures. Previous studies document similar breaching of the folds bounding mini-basins by MTCs (e.g. Vinnels et al., 2010; Geersen et al., 2011) . Based on data from offshore Chile, Geersen et al. (2011) propose a model for the breaching of a thrust-cored high formed between the shelf and an offshore anticline. They propose that structural uplift led to oversteepening of the frontal flank of the anticline until a critical angle was reached, at which time mass-wasting, possibly triggered by an earthquake, smoothed the slope profile and reconnected the shelf with the slope. Vinnels et al. (2010) , recognise comparable processes to the SW of the current study area associated with repeated back-stepping slope failures that connected otherwise isolated piggyback basins developed in the evolving Sinú Fold Belt.
Discussion

Changes in MTC distribution, source and size in response to structural uplift
Deposition of syn-tectonic MTCs (S1-S5) shifted progressively to the NE, likely reflecting changes in source area. After the last episode of uplift, which culminated in propagation of the faults that core the DA and the UA, MTC source areas shifted towards the NE closer to the shelf-break, and shelf-attached MTCs were emplaced (MTCs C1, N1 and N2). These change could have been controlled by the evolution of the structures, or could be attributed to externally-driven, more regional controls, such as increased sediment supply, eustatic sea-level change, gas hydrate dissolution and/or seismicity (e.g. Manley and Flood, 1988; Beaubouef and Friedmann, 2000; Maslin et al., 2004; Frey Martinez et al., 2005; Grozic, 2010; Masson et al., 2010; Alfaro and Holz, 2014) . Along the northern coast of Colombia, during the Pleistocene, uplift of the Sinú Fold Belt was accompanied by uplift of the northern Andes, which coincided with changes in eustatic sea-level and regional climate (Van der Hammen, 1958; 1974; Duque-Caro, 1979; Hooghiemstra & Ran, 1994; Ortiz-Karpf et al., 2015) . Also, in the Plio-Pleistocene, there were nine avulsions of the Magdalena River (Romero-Otero, 2009), which would have caused abrupt changes in sediment input and dispersal patterns. Therefore, several external forcing mechanisms can be invoked for the emplacement of the shelf-attached MTCs . However, the UA bends to the east towards the area of the shelf where the arcuate scarps, interpreted as a possible source for the shelf-attached MTCs, are located (Fig. 12B) . It is therefore likely that uplift associated with the propagation of the thrust that cores the UA induced the development of steep, unstable areas close to the shelf.
The results of this study suggest a northward shift in the source area of the MTCs through time, coinciding with the propagation direction of the structures (e.g. Martinez et al., 2015; Bernal-Olaya, 2015) . This local finding suggests that systematic shifts in MTC source areas through time could be investigated in other areas along the margin to help constrain the evolution of the entire Sinú Fold Belt. Previous studies in other basin margins also report systematic variations in the morphology and distribution of syn-tectonic sedimentary packages with continued structural uplift. In the Apennines, Festa et al. (2015) also observed systematic shifts in the occurrence of MTCs in the direction of propagation of the fold-andthrust-belt, and an increase in the volume of the MTCs through time. In the Niger Delta, variations in the architecture, morphology and distribution of MTCs and channel-levee complex sets were also documented in a syn-tectonic stratigraphic package in the vicinity of a fold (Clark and Cartwright, 2010; ; these variations were used to constrain the evolution of the fold (Clark and Cartwright, 2012) . These observations suggest that systematic, fold-belt-driven shifts in MTC source areas are reflected in the morphology, distribution and characteristics of the deposit, and that this link is common to both active and passive margins. The results presented here are thus potentially applicable to other foldand-thrust belts around the world.
Changes in source are reflected in the size of the MTCs: the syn-tectonic MTCs are detached and cover areas of c. 9-100 km 2 within the study area (Table 2) (Table 2 ). These findings are in accordance with those of Moscardelli & Wood (2008; 2015) , who found that detached MTCs have areas of tens of km 2 whereas attached MTCs can be hundreds to thousands of km 2 in area. The difference between the volumes of detached and shelfattached MTCs can be readily explained by considering the volumes of material available at the source; these volumes are likely to be smaller along local flank collapses than on the delta-fed shelf break. However, the evolution of the seascape during degradation and sedimentation can also play an important role in the areal extent, runout distance and therefore the distribution of MTCs. For example, in the southern region, there is a progressive increase in the area and down-flow extent of the syn-tectonic, detached MTCs (S1-S5- Table 2 ). This could be explained by the sequential steepening of the frontal limbs of the growing anticlines, which could have resulted in progressively larger failures. Also, the emplacement of earlier MTCs immediately downdip of the forelimb would have smoothed the break-in-slope contributing to the progressively longer runout distances and larger areal extents. The greater areal extents and runout distances of the shelf attached MTCs (C1, N1 and N2, Table 2 ) are also the result of the smoothed the slope profile through progressive degradation of the folds. The distribution, morphology and scale of the resulting MTCs therefore reflect changes in source areas induced by the combined effects of structural growth and syn-tectonic and post-tectonic degradation of the thrust-and-fold belt. Such changes in external MTC characteristics should also be reflected in their internal composition, impacting their ability to act as hydrocarbon reservoirs or seals (e.g. Gamboa et al., 2010; Omosanya & Alves, 2013; Alves et al., 2014) .
Evolution and chronostratigraphic significance of MTC basal surfaces.
The recent tectono-stratigraphic evolution of the fold-and-thrust belt resulted in the formation of an erosion surface that is overlain by at least 9 distinct MTCs (Fig. 13 ). This composite, surface was widened and deepened by multiple erosional flows and is therefore timetransgressive. The basal surface developed during a period dominated by thin-skinned contraction, folding and thrusting, and syn-and post-tectonic fold degradation, presumably over a protracted period of time. In addition to the specific MTCs identified and described, local collapse of the lateral walls, evidenced by the arcuate scarps at the margins of the basal surfaces of N1 and N2 (Fig. 411C) , also contributed to widening the composite basal erosion surface.
Previous studies suggest that time-transgressive MTC basal surfaces are common. Using Therefore, despite the quasi-instantaneous emplacement of individual MTCs, their deposits may coalesce above composite basal surfaces that are time-transgressive. In other words, these composite basal surfaces are transferred into the rock record, but probably never were a geomorphic surface (cf. Strong and Paola, 2008) .
The identification of discrete MTCs is likely limited by dataset resolution. For instance, the basal surface of Unit D , which is overlain by MTCs of various ages, is a continuous reflection that can be mapped across the study area (Fig. 4) . At deeper burial depths the composite nature of similar erosion surfaces at the base of multiple stacked MTCs might not be resolvable, and thus be interpreted as a geomorphic surface overlain by a single MTC, obscuring the complex tectono-stratigraphic history that led to its formation.
Distinguishing between single and composite MTC basal surfaces can impact the interpretation of sedimentary basin burial histories, which are commonly used to evaluate the timing of hydrocarbon generation and expulsion. It can also influence the prediction of the characteristics and distribution of the sedimentary packages downdip of the MTCs.
Furthermore, the presence of coalescing MTCs can introduce lateral facies variability and affect the prediction of sealing capacity (e.g. Gamboa et al., 2010; Omosanya & Alves, 2013; Alves et al., 2014) . Hence, this study illustrates the potential complexity of deeper subsurface examples where the development of the MTC basal surfaces and the tectonostratigraphic history may not be resolvable.
Conclusions
Detached and Fig. 5F . S6 pinches to the south against protrusions on the top of S5; to the E it is undeformed. Note the geometry of the folded megaclasts in S5, which is used to interpret a NNE-directed flow. S6 is interpreted to have been emplaced by a SWdirected flow. CLCs are channel-levee complex sets. C. Variance depth slice (see B for intersection) showing the geometry and seismic facies within S6. D. Vertical thickness map for S6. A. Variance extraction at the base of N1 overlain by seismic facies maps for N1 and N2, which are mainly composed of facies 1. Note the arcuate scarps (AS) visible on the variance extraction. B. Seismic line along the northern region. N1 and N2 traverse the northern downdip anticline (NDA); the stratigraphy underlying the erosion surfaces of N1 and N2 is folded while the stratigraphy overlying them is undeformed. Note that N1 is eroded by N2 and that N1 underlies C1 while N2 overlies it. The downdip extent of N2 is controlled by protrusions at the top of C1. Updip, there is an area of bypass. C. Seismic line across the arcuate scarps shown in A. They coincide with a "terraced" geometry, which is interpreted to reflect slumping from the northern lateral wall. N1 and N2 overlie channel-levee complex sets (CLCs). D. Close up of B on the NDA showing thinning against the flanks of the anticline and MTCs that can be traced to the western limb of the NDA. Chronostratigraphic chart of the MTCs and their relative timing with respect to the tectonic events. In the southern region, MTCs S1-S5 were deposited before faulting and during folding and are classified as syn-tectonic. S6-N2 were deposited after folding and faulting had ceased and are post-tectonic. The relative timing between S6 and N1 cannot be established. In the central region, the MTCs underlying C1 were deposited during folding and possibly during faulting; they are syn-tectonic. B. Map showing the interpreted source areas for the syn-tectonic MTCs (i.e. S1-S5 and the MTCs underlying C1 and N1/N2), and the post-tectonic MTCs (i.e. C1, N1 and N2). Most of the syn-tectonic MTCs were sourced from the flanks of the growing anticlines and are classified as detached (sensu Moscardelli and Wood, 2008) , while the post-tectonic MTCs (C1, N1-N2) are shelf-attached (sensu Moscardelli and Wood, 2008) . Figure 13 . Schematic representation of the tectono-stratigraphic evolution. A. MTCs were potentially ponded in the syncline sourced mainly from the frontal limb of the updip anticline (UA). MTCs in the northern part of the syncline may have been sourced from the UA or the shelf. S1 and S2 were sourced from the SW of the dataset. The northern region contained a channel-levee complex set (CLC). B. As uplift continued S3 and S4, and more MTCs in the syncline were deposited. Stacking of the MTCs created composite basal erosion surfaces.
C. Emplacement of S5 was followed by faulting. As structural uplift ceased, the syncline was filled by MTCs that eroded the back limb of the downdip anticline and further enlarged the composite basal surface. Back-stepping erosion of MTCs from the frontal flank may have contributed to the degradation of the DA. It is not clear if S6 was connected to the syncline or sourced from the frontal limb of the SDA. N1 exploited and widened the CLC in the northern region. D. C1 traversed the DA creating a through-going composite surface that connected the basin-low and the syncline. This surface amalgamated with the basal surface in the southern region creating an even larger composite surface. N2 was also sourced from the shelf. 
